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• The alkaline zinc-air battery 
      -working principle  
 -Required properties 
 -triple-phase boundary 
 
• Full-cell experiments 
 
• Understanding the influence of electrolyte penetration 
 -intrusion measurements 
 -hydrostatic pressure measurements 
 
• Conclusion 
 
 
  
 
 
 
 
 
 
 
 
• Conclusions 
 
Outline 
• Of interest because: 
• Well established as primary system 
• High theoretical  energy density 
• low self discharge 
• cheap 
• Environmentally begnin 
• No special environment needed for 
battery production 
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Overview zinc-air battery 
 J. Lee et. al Advanced Energy materials  Volume 1, Issue 1, 2011, http://dx.doi.org/10.1002/aenm.201000010 
Zhang, Zinc-air technology, Zinc-air technology workshop, international Zinc Association / ZESTEC, Shanghai, 2005 
   
• Change of hydrophobicity 
-Penetration depth of electrolyte changes over cyclelife 
 
 
 
• High overpotentials 
 
 
 
• Material deterioration 
 
 
 
• Formation of carbonates 
- Blocking of pores 
- Demolition of pores due to pressure 
Cathode 
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• Region of contact between electrolyte, gas (O2) and 
electrode (catalyst and e-) 
 
• Important for high current densities during ORR 
(discharge)  
 
• OER reaction uses just the electrolyte/electrode 
interface 
 
 
Triple-phase boundary 
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Intrusion cell 
 
DLR in-house half-cell 
 
Overview over test cells 
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EL-Cell® 
Hydrostatic pressure cell 
 
Diffusion constant 
test cell 
 
• Electrolyte is pressed inside the porous structure 
of the cathode 
• Battery is dead after droplets appear on gas side 
 
• Pressure forces have to be adjusted: Fvoid < Fcathode 
 
Full-cell: Flooding of cathode due to pressure  
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Void space for  
volume increase 
PTFE Sheet to  
Suppress electrolyte  
breakthrough 
• X-ray tomography of Zn-air battery shows volume 
increase of Zn-anode 
 
• Separator is compressed 
 
• Liquid accumulates in GDL during discharge  
 
 
 
 
  
Full-cell: Flooding of cathode due to pressure II 
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D. Schröder et al. / Electrochemistry Communications 40 (2014) 88–91 
Concept of intrusion measurement 
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• Ni/Co3O4 based electrodes 
 
• Measurement was taken with same air pressure as 
hydrostatic measurements (~3 cm of water) 
 
•  Pore size distribution was varied via hot press during 
production 
 
• ~7 mbar capillary pressure during initial filling 
 
•  ~5 times higher capillary pressure for 15 bar at 100 % 
saturation 
 
• At 25 mbar 3 bar electrode is filled to more than 80 %, but 
15 bar electrode is just filled to around 20 % 
Intrusion measurement 
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• Ag/Co3O4 based electrode 
 
• Measurement conditions: 
 -25 °C 
 -pure O2 
 -7.5 M KOH 
 -GDL Sigracet 25BC 
 
• After electrolyte column is set, polarization curves 
were recorded for 30 min and afterwards an EIS was 
recorded 
 
 
 
Correlation between penetration depth and pore size 
distribution 
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• Ni/Co3O4 based electrodes 
• Pore size distribution below 200 nm is independently 
of production pressure 
 
 
 
 
Correlation between penetration depth and pore size 
distribution 
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• Pore size structure influences 
penetration behaviour of electrolyte 
• Effect increases with increase of current 
densities, due to diffusion limitation 
 
 
 
 
 
Equivalent circuit 
• Porous model by Göhr 
 
 
 
 
 
 
 
 
 
 
 
• Nernstian Diffusion 
 
Impedance Measurement 
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• Ni/Co3O4 electrodes 
 
• Big change in all parameters, when 
electrolyte starts to infiltrate the electrode 
 
• Filling of smaller pores shows small effect 
in impedance  
 
• Diffusion Resistivity 
 
 
Impedance Measurement 
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Impedance measurement 
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• Ni/Co3O4 electrodes 
 
• Both porous structures show the same 
behavior when electrode starts to be flooded 
 
• After initial flooding, 15 bar doesn‘t change 
much 
  
• Two possibilities  
-Small pores are filled more homogeneously 
-Bigger pores are filled more easily, small 
contribution of small pores 
 
 
 
 
 
 
• Ni/Co3O4 based Electrodes 
 
• Test at ~3mbar electrolyte pressure in half 
cell 
 
• Electrochemical performance not 
influenced by porous structure 
 
• Diffusion coefficient decreases with 
increase of production pressure 
 
• Trade off between penetration inhibition 
and electrochemical performance has to be 
done 
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Electrochemical performance 
• Correlation between penetration depth and electrochemical performance was shown 
 
• Penetration behaviour could be manipulated by change of porous structure 
 
• Largest changes when Electrolyte starts to infiltrate the electrode 
 
• Trade off between penetration inhibition and electrochemical performance has to be done 
 
 
• Influence of current density on penetration behaviour still unclear 
 
• How structural changes of cathodes during cycle life influences penetration behaviour needs 
to be further investigated  
Summary / Outlook 
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